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Description 

The invention relates to a method for the production of penriethylated oligoamines and 

aminoalkanols (especially N,N,N*,N -tetramethyldiaminpalkanes and oxaalkanes) by tn^ans of 

the reaction of the corresponding diols or amino alcohols, via the intOTnediate stage of the 

corresponding N,N-dimethylaminpalkanols, with dimethylamine in the gas phase on a fixed bed 

catalyst, preferably at atmospheric pressxire. 

The production of tertiary aliphatic monoainines by means of the reaction of aliphatic 

alcohols or aldehydes with primary or secondary amines in the presence of cobalt and/or cojpper 

' catalysts in the liquid phase is known from DE-A-SS 5 073. 

The production of amino alcohols by means of the reaction of glycols with ammonia in 

the presence of hydrogenation catalysts (for example, Raney nickel, cop 

" copper/nickel chromite, iron, cob^t, titanium or copper) is described in US-A-2 412 209. 

^ EP-A-6454 teaches the production of peralkylated polybaisic amines by means of the 

reaction of a diol with a secondary amine in the liquid phase at a hydrogen pressure of more than 

5 bar and in the presence of a catalyst containing copper and chrdmium as essential active ' 

components. , - 

' • ..." ' ' ■ ■ 

It is also known that monoalcohols and the coiresponding carbonyl compounds or 

ketones can be made to react with dimethylamine. Methods of this type are described in 

'dE-A-2 709 864 and DE-A-2 838 1 84. On the other hand, to date there have pbyipusly been 

insurrnoiintable difficulties in applying this interesting reaction to diols and N,N-dimethyl- 

aminoalkanols, since p^er paths have thus far been pursued to produce N,N,N',N -tetra- 

methyldianiinpalkanes.suidoxaalka^^^ The reaction of bisr(2-chloroethyl) ether with dimethyl- 

aniine and the reaction of N,N-dimethyl- 1 -aminQ-2-chlproethMie with sodium N,N-dimethyl- 

amirioethanolate are described in DE-B-l 795 762. An attempt has also been made to reach the 

goal by means of the reaction of diamines with formaldehyde and subsequent hydrogenation. 

These methods have a number of shortcomings. Either toxicolpgically harmful 
substances are used or the end product cojtitains too much incompletely methylated .diamine. 
Significant expenses and a number of prpcess steps are therefore required in these methods to 
arrive at a pure end product. ' : " 

It was found that permethylated oligoamines md aminoalkanois are obtained in good 
yieldj if the corresponding N,N-dimethylairiinoalkanols or diols or their mixtures are converted 
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in the gas phase with dimethylamine on copper-rich catalysts containing aluminum oxide. Both 
pure alkanediols and diols in the broader sense, i.e. compounds whose carbon framework is 
interrupted by heteroatonis, are suitable as diols, Ethanediol, 1,4-butanediol, 1,5-pentanediol, 
1,6-hexanediol and 1,10-decanediol, on the one hand, and diethylene glycol or N-methyl- 
. diethanolamine, on the other, are suitable. 

One allows the reaction to run preferably at atmospheric pressure or slightly above it at a 
reaction temperature between 100 and 200°G, expediently using a tubular reactor with a fixed 
bed catalyst. A carrier gas for the reaction partner is essential, since the reaction temperature 
generally lies below the boiling point of the diols; hydrogen is particularly well suited. 

All amount of carrier gas between 10 and 1 000 times the reaction space, which is 
- continuously circulated, is generally required. Space velocities (h"') from 50 to 1000 times the 
reaction space can be set. The amount of diol of dimethylaminoalkanol contained in the gas 
stream naturally depends on its vapor pressure under the reaction conditions. Conversion rates 
(space-time yields) from 0,02 to 0.5 volume parts diol (liquid) or dimethylaminoalkanol per 
voiunie part of reaction space are normally achieved. The amount of dimethylamine to be 
maintained in the gas stream is obtained from the stoichionietry. A certain excess of 
dimethylamine is preferably used so that 1 to 3, especially 1 to 1.5 mol dimethylMiine is present 
per mol equivalent of OH groups. The diihethylamine leaves the reactor and the connected 
condensation system in tturee different ways: 

1) by chemical reaction 

2) in dissolved form in the reaction product 

3) as a gas in the circulating gas. 

The dimethylamine taking path 1 is replaced by fresh dimethylamine. The dimethyl- 
amine proceeding along path 2 is recovered during known workup of the reaction product and 
fed back to the reactor. 

The copper fraction in the copper-rich aluminum oxide catalyst should expediently be 
more than 20 wt%. 

TTie reaction temperature lies in the raiige between The reaction is slow 

and incomplete in the lower range and almost stops completely under 100?C. In the upper range 
byproducts are increasingly formed so that the production of the desired products gradually 
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becomes uneconomical because of increasing losses and mounting difficulties in the separation 
of the byproducts. 

For practical execution of the method, the reactants are best fed to an evaporator together 
with the hydrogen serving as carrier gas and then to the reactor. 

A tubular reactor is preferred because the reaction temperature can be adjusted most 
.' precisely in this case. The catalyst is generally arranged within the tube, while the space between 
the tubes is traversed by a heat transfer medium. The catalyst can be present in the form of 
cylindrical pellets and also in the form of extrudates with a diameter of a few nun or in other 
form. 

Since the copper is initially present in the fresh catalyst in oxide fomi, it must be 
converted to the ipetallic state by activation. This occurs in the known fashion with a hydrogen- 
nitrogen gas mixture, for example, at a temper 

The operating pressure is generally close to atmospheric pressure. It was observed that a 
J higher pressure, for example even 3 bar gauge pressure, leads to an increased formation of 
byproducts. For example, the percentage of N,N,N -trimethyldiaminoalkane in the reaction 
product increases from a few tenths of a percent to more than 1%. 

The formation of N,N,N',N'-tetramethyldiaminoalkane is particularly preferred, if the 
corresponding N,N-dimethylaminoalkanol is used as reaction paitner. In some cases this 
intermediate (partially converted product) can be favorably obtained by means of an independent 
reaction.- N,N-dimethylaminoethanol can be easily obtained by means of the reaction of ethylene 
oxide with dimethylamine. In other cases, this type of compound is not readily available. 
However, it is formed as the intermediate product in each case during the reaction of the 
corresponding diols with dimethylamine and sometimes eyen forms the only byproduct. 

By adjusting suitable reaction conditions, one can arrive at a situation in which 
N,N-dimethylaminoalkanoI predominates as the reaction product. This is done, for example, by 
reducing the reaction temperature, by shortening the residence time, smaller supply of 
dimethylamine or a combination of these measures. 

The N,N-dimethylaminoalkanol obtained as the main or byproduct can be obtained in 
high purity by means of distillation at reduced pressure. There are also application possibilities 
for this product, for example, in the production of certain dyestuffs. Generally, the partially 
converted products are mixed with an appropriate amount of the corresponding diol and sent 
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back to the reactor via the evaporator! A high yield (generally above 70%) of N^N^N^N'-tetra- 
methyldiaminoalkane is obtained in this way. 

Example! 

Preparation of N,N,N',N'-tetramethyl- 1 ,6-dianiinohexane from hexanediol and dimethylamine ' 

A cylindrical tube 40 mm in diameter and 2500 nun long served as reactor. The vblunie . 
filled with'cat^Iyst was 3000 cm"^. The tube was enclosed by a jacket traversed by a heat transfer 
agent. The evaporator was situated above the reactor. It was also designed like the reactor, but 
had a length of only 700 mm and was packed with Raschig rings made of rnetal. Its jacket space 
was traversed by the same heat transfer agent as that of the reactor. ' ' 

A wa.ter cooler, a first separator, a brine cooler and a second separator were situated 
beneath the reactor. The fractions of the reaction product condensable at -10°C were taken off 
here as liquid, while the carrier gas was fed back to the evaporator by means of a gas circulation 
pump. Dimethylamine and hexanediol were added to the circulating gas at the evaporator input 
and completely evaporated.- Since hexanediol has a melting point above 40°C, it was used as a 
75% methanolic solution in the interest of simplicity. 

200 em^ per hour was evaporated from this' solution. The circulating gas contained about / 
20 vol% dimethylamine. Overall the amount of circulating gas was 400 NL/h. . 

The copper-aluminum oxide catalyst described in DE-PS 2 445 303 served as the catalyst 
in the form of cylindrical pellets 4 mrp in diameter, which had been reduced at 140 to 200°C 
with, a niixture of 10 ypl% hydrogen and 90 vol% nitrogen. 

The reaction runs at 160°G. The condensates formed in the separators were conibii^^ 
analyzed by gas chromatography and fractionated: ignoring methanol, dimethylanune and the 
formed water, the condensate consisted of 90% N,N,N\N'-tetram 

2% N,N,N -trimethyl-1 ,6-diaminohexane and 8% other byproducts: Fractional distillation 
yielded a high-purity product. 
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Example 2 

Preparation of N,N,N*,N'4etramethyl- 1 ,5-diam 

150 cm^/h of a mixture consisting of the same molar fractions of diethylene glycol and 
N,N-dimethylamino-3-oxapentanr5-^ol was fed to the installation and catalyst of example 1 . 

The circulating gas contained 20 yQl% dimethylariiine. The entire amount of circulating ■ 
gas was 600 NL/h. 

The reaction was run on the catalyst at 145 °C. 

The collected condensates were analyzed by gas chromatography and worked up by 
fractional distillation. Ignoring dimethylamine and water, the condensate consisted of 30 wt% 
N,N,N\N-tetfamethyl-l;5-diamino-3-ox 63 wt% N,N-dimethylamino-3-oxapentan-5-ol 

and 7 wt% byproducts, - _ 

Fractional distillation yielided a high-purity p 

£xample3 

Preparation of N,NjN^N*-tetramethyldiaminoethane 

The procedure described in example 1 was fo^^ 

1 50 cm^/h N,N-dimethylaminoethanol was supplied to the evaporator. The circulating 
gas contained 8 vol% dimethylamine. The entire amount of circulating gas was 600 NL/h. 

The reaction was run on the catalyst at ISO^C. The condensates collected in the 
separators were analyzed again and fractionated. 

Ignoring dimethylamine and reaction water, the condensate consisted of 36 wt% 
N,N,N\N -tetramethyldiaminoethane, 58 wt% N,N-dimethylaminoethandl and 6 wt% 
byproducts. ; 

Fractional distillation and drying yielded a high-puri 

Claims 

1 . A process for the pr&^mmtktn of perniethry^ated oilgosir^nes rnnl mv^nQBlkBi^s by the reactJon of a d\ol 
an tiw dlol^ an N^N-€ilmeth[yiarr^ria'8iilcanol or an azaaflcsnol with dln^1h«iam1ne» with or wl^dit tie lr>i&r» > 
mediate ^age of the N^N-dlm&tl^ylafii^o^uaniol, urMlfr concitlQiis of h^rogeiiallpr^aiTilnaUan, whe^ the 
reactiofi is cairled out in the gas phase under sssentlallir atmospheric pressure, atfrom 100 to 2CK)^» overa 
Gopper-ilch catelyst ccmlaNr^ an ^umlnum axi[i& 

Z A pm&B&im tmnm in diami % ^min hycerdgen is cifi^aied ds the cWier g^, and tr^ reacfkwi pt^ 
(fcn^ are ob(ljgihdd from tt^^^ 



